Pulmonary acini represent the functional gas-exchanging units of the lung and are defined as the airways distal of the 2 terminal bronchioles. Due to technical limitations, it was not possible to identify individual acini on microscopic lung 3 sections. Recently, X-ray tomographic microscopy has been adapted to lung imaging to overcome these limitations. This 4 study aimed to follow the acinar development and to gain insight into changes of the acinar structures during postnatal 5 development. Rat lungs were fixed by instillation at postnatal days P4, P10, P21, and P60. Right lower lobes were imaged 6 at the TOMCAT beamline of the Swiss Light Source synchrotron facility at a voxel size of 1.48 µm. Individual acini were 7 segmented out of the obtained 3D data sets by closing the airways at the acinar entrance which is the transition point 8 from conducting to gas exchanging airways happens. Acinar development was followed by estimating the individual acinar 9 volume, complexity, and number of alveoli (N=267). We observed that the mean volume of the acini increases 10 times 10 between days 4 and 60 which corresponds to a 10 times increase of the total lung volume. During the same time, the 11 coefficients of variation dropped from 1.26 to 0.49 and the difference between the mean volumes of the fraction of the 20 % 12 smallest and 20 % largest acini decreased from a factor of 27.26 (day 4) to a factor of 4.07 (day 60). This indicates that the 13 dispersion of the value is based on an entirely different pattern of distribution of acinar sizes. Methodologically, we conclude 14 that our approach is well suited to follow acinar development and to acquire large amounts of data comparable to classical 15 stereology in a time-efficient manner. Biologically, we conclude that the newly formed acini show a large size distribution 16 which is reduced by a factor of 7 until adulthood. Most likely the latter leads to a more homogeneous ventilation of the 17 lung. 18 1 Introduction 19 1.1 Lung development 20
Extraction of acini
For the present manuscript, we extracted single acini from three-dimensional data, acquired without destroying the samples. Details of this semi-automatic extraction of the rat acini are described by Ha-
The stereological estimation of the alveolar number was performed according to the standards for quan-138 titative assessment of lung structure from the American Thoracic Society (Hsia et al. 2010) to guarantee 139 accurate and unbiased results. To perform the stereological analysis, each DICOM file from the isola-140 ted acini was sampled into a systematic random set of single images using a MATLAB script (missing 141 citation). 142 The stereological assessment was performed with the STEPanizer (TSCHANZ et al. 2011) , an easy-to-use 143 software tool for the stereological assessment of digital images. Details of the stereological assessment have 144 previously been described (Haberthur et al. 2013) . Briefly, we counted the appearance or disappearance 145 of alveolar entrance rings (Hyde et al. 2004 ) on paired images spanning the whole acinus volume by using 146 the disector method (Sterio 1984) in the STEPanizer to estimate the number of alveoli in 267 of the 701 147 exported acini. The acini were subsampled in a systematic random way.
148
Previously, we have shown that the stereological assessment of the acinar volume (according to the 149 Cavalieri principle (Cruz-Orive 1999)) gives comparable results to an automated volume extraction by 150 counting the segmented pixels in the tomographic data sets (Haberthur et al. 2013) . Due to variations 151 in the gray value, the automatic segmentation underestimates the volume of the single acini. The best-152 suited approach to obtain valid and unbiased results is to asses the volume manually (according to the 153 Cavalieri principle), which is what we did for the 267 acini presented in this manuscript. The sets of JPG 154 slices and the raw results from the stereological analysis with the STEPanizer are available on request. The average entrance ring count, which corresponds to the number of alveoli per acinus for the 124 acini 175 at day 4 is 48±41 alveoli. For the 58 acini at day 10 it is 89±84 alveoli, for the 42 acini at day 21 it is 
Acinus volume 189
The stereological assessment resulted in a mean acinar volume of 0.03±0.04 mm 3 for the 124 acini at 190 day 4. For the 58 acini at day 10 we get a volume of 0.04±0.05 mm 3 . For the 42 acini at day 21 a volume 191 of 0.10±0.09 mm 3 and for the 43 acini at day 60 a volume of 0.74±0.37 mm 3 .
192
The values for the single animals are shown in The acinar volumes are all significantly different (all p-values better than 4.5e-6, which is the one between days 10 and 21) for each combination of days except between days 4 and 10 (p=0.092).
between days 4 and 10 (p=0.092). All other p-values are better than p=4.5e-6, which is the p-value 199 for the difference between days 10 and 21. The statistical analysis is equal to what is briefly described The mean number of alveoli for the 124 acini at day 4 is 2165±1137 alveoli per mm 3 . For the 58 acini 204 at day 10 we counted 2831±1189 alveoli per mm 3 , for the 42 acini at day 21 2723±771 alveoli per mm 3 205 and for the 43 acini at day 60 1080±349 alveoli per mm 3 . These numbers were found by dividing the 206 counted entrance rings by the acinus volumes.
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The numbers for the single animals are shown in table 3 and displayed in figure 4. 04A  50  3142  1157  1618  8208  04B  23  1363  499  679  2704  04C  51  1569  380  799  2775  10A  27  2685  1022  1246  5582  10B  14  3091  1166  1890  5422  10C  17  2848  1462  1182  7009  21B  14  2642  493  1625  3344  21D  17  2534  895  1111  4032  21E  11  3119  775  1604  4379  60B  24  1249  297  530  1912  60D  10  838  271  476  1221  60E 9 898 323 411 1463 to what is briefly described for the entrance ring count above. The counts per volume for all animals 213 except 04A are non-normally distributed, but all are independent (p=3.2e-21).
Animal Assessed acini Average STD Minimum Maximum

Number of acini
acini and for day 60 4277±777 acini. These numbers were obtained by dividing the parenchymal volume The total alveolar number for day 4 was found to be 0.64±0.34 million alveoli, for day 10 1.23±0.39 220 million alveoli, for day 21 2.65±0.57 million alveoli, and for day 60 3.01±0.58 million alveoli. The total 221 number of acini was estimated by dividing the mean parenchymal volume of the lungs (Tschanz et al. As the acini are small at days 4-21, the biological variability between the single animals has a larger 300 impact on the results than at day 60. We thus expect a pronounced influence of minor inaccuracies of 301 the entrance ring counts on the estimation of the number of acini. For sample 04A the Cavalieri method 302 estimated a significantly smaller volume (p=0.025) of the acini than samples 04B and 04C. This leads 303 to a much larger number of acini estimated for this animal than the other animals on this day, possibly 304 skewing the results. One also has to keep in mind that the number of acini has been calculated by dividing 
Volumes of individual alveoli
As for the alveolar number discussed above, the mean volumes of the alveoli we assessed differs to the volumes of the single alveoli as calculated from data shown in Table 1 of Tschanz et al. (Tschanz et 
